Abstract-Day after day, recent advances in millimeter wave communications have called for the development of compact and efficient antennas. Furthermore, the greatest challenges in this area is to get a good performance and a miniaturized antenna. In addition, the design of antenna, in the Silicon technology, is one of the key challenges. In this way, this work will focus on the design of the free 60 GHz band, high gain and high efficiency onchip antenna meandering slots for transponder Radio Frequency Identification (RFID). Further, the stacked dielectric resonators (DRS) will be arranged above the power element of on-chip antenna with an excitation of coplanar waveguide (CPW). We will use the Scattering Bond-Graph formalism like a new technique to design these proposed antennas and we will use the microwave Studio CST software simulation to validate the results. We have miniaturized the proposed antenna after having such a number of iteration and by applying the Bond Graph methodology, and the size of the antenna is about 1.2 * 1.1 mm 2 .
I. INTRODUCTION
In the last few years, radio frequency identification (RFID) has become more and more popular in numerous applications, such as logistics, supply chains management, assets follow-up (active persons), and vehicles positioning [1] . Among a variety of RFID systems using radio frequencies, an RFID Ultra Height Frequency (UHF) system drew a lot of attention because of its numerous advantages, such as the cost, the size, and the long-range reading [2] .
Millimeter Wave Identification (MMID) modernizes the RFID system to millimeter waves [3] . The higher frequency systems have several advantages: First, smaller antennas allow us to create miniaturized transponders. Second, antenna arrays can achieve a narrow beam for the reader antennas, which allow a well-organized transponder localization. Third, the regulations of relaxed radio at 60 GHz allow great data communication rate.
The most obvious advantage of the technology of 60 GHz is its strong capacity in terms of debit. Indeed, the Shannon theorem (1) shows that the capacity C of a communication channel (C = Max debit.) increases linearly with the bandwidth BW, while it increases following a logarithmic law according to the report signal with noise SNR:
 
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.log 1 C BW SNR  (1) Thus, this relation leads us to conclude that to increase the debit of a radio channel, it is necessary to widen its bandwidth, rather than improve its report signal with noise. At these frequencies, antenna with dielectric resonator is the most voluminous component and its miniaturization constitutes one of the most important current challenges for the designers of communicating objects [4] . The use of dielectric resonators in the design of antennas for RFID tags in the EHF band has never been made. However, the miniaturization of antennas is usually accompanied by deterioration of its efficiency and bandwidth, because materials with high permittivity are generally used [5] . Therefore, miniature structures designed must present a compromise between bandwidth efficiency and physical size. Our objective is to conceive a structure of antenna with miniature dielectric resonators for RFID TAG in the V band (60 GHz) with correct performances.
On the other hand, the Bond Graph approach has showed [6] , together with the Scattering formalism [7] , its usefulness in studying and understanding the antennas [8] .
A new way of applying the scattering bond graph technique will be used in this article. It is to show that the scattering bond graph methodology can serve as a new miniaturization approach to the design of RFID TAG in the V band.
In this paper, we focus only on one component of the MMID system, namely, the design of a very small antenna for an RFID TAG with a silicon technology. www.ijacsa.thesai.org
In addition, in this work we are going to study the design and the simulation of an antenna with dielectric resonator of rectangular shape for RFID TAG in the EHF band. Then we are making a comparative study in terms of gain and volume of our structure with an UHF antenna of the trade and we finished our work with the validation of the simulation results by the Scattering Bond Graph methodology.
II.
THE BASIC 60GHZ RFID ANTENNA
In radio communication, antenna is a key element. We all know that antenna recovers the power and data signal traveling through the air. The quality and performance of the antenna are involved in the quality of wireless communication.
A. First Iteration
The configuration of the proposed antenna is shown in Figure 1 . The antenna structure design is based on the optimal length of the radial stub protrusion, which is in the range of 0.45-0.6 times the slot's width. Further, we have achieved the impedance matching by increasing the width of printed stub. We have also noted that the edge treatment of the stub has an impact on the bandwidth improvement. In addition, we have represented the slot region between the antenna input, the edge of the patch and the distal slot region, by Bond Graph elements by lumped admittances (capacitance and inductance). Moreover, this physical interpretation has been deduced by using the Bond Graph model shown in Figure 2 . Where the equivalent model of patch antenna is shown on the resistance R, inductance I and capacitance C interconnected by a ''0-junction''. A resistance R feed and an effort source S e modulate the excitation and the CPW line interconnected by ''1-junction''.
Thus, for the selected size of ground plane, we have a good input impedance-matching can be obtained and it is verified by our Bond-Graph methodology.
B. Second Iteration
The proposed antenna consists on a modulated loop element printed on the Rogers substrate. A detailed on-chip antenna is presented in Figure 3 with S1 is the rings width, S is the gap between the rings and W is the gap on both end of the rings. A coplanar waveguide (CPW) and a slot ring create the feeding structure [10] . It consists of a silicon based onchip feeding structure.
The configuration of the proposed meander slot-based RFID loop antenna is shown in Figure 3 . 
C. Simulation Results
This section presents the simulated results of the meander slot antenna. We use the scattering bond graph methodologies [11] and we use the CST Microwave studio software, for several performance parameters such as impedance bandwidth, and radiation patterns. For the scattering bond graph methodology, we take into account the equations demonstrated in the above work [12] . We note that structures present important parameters, as shown in the simulation results: From the reflection coefficient S11, the resonance frequency is about 60 GHz for the two iterations. According to the far field, the two On-Chipantennas present an acceptable gain but it decrease from 3.02dB to 2.73dB. 
D. Above IC
To improve the performance of antennas on silicon, hybrid technology or "above IC" is proposed, which allow the optimization of the radiation efficiency by promoting the coupling between guided incident modes and radiated continuous modes.
Interests in silicon-based wireless system-on-chip (SOC) applications have become pervasive because of the advancement of its low-cost technology [13] . On-chip antennas eliminate the need for external off-chip connection and packaging process, which would incur a gain loss and overall size increase [14] . We take into consideration the figure 6 shown blow we can conclude the bond graph model shown on the figure7. Where the values of the bond graph elements are deduced by the above work [15] That we have considered that any resonate element is considered a resistance R element, Capacitance element C and Inductance element I interconnected by 0 junction [16] .
To be sure, we can write the expression of the input impedance Z in [17] 2 2
The resistive element R represented the losses of the antenna in its planar environment. R is calculated by the following [18] . cos Electrical energy storage modeled by the capacitance C. It is represented by the following equation [19] .
To find L, we verify the relation represented in the following equation [20] .
The coupling between the two layers is reflected only by a capacitive element C c connected by 1junction. The expression of this capacitance represented in the [21] .
III.
THE PROPOSED TAG ANTENNA WITH DIELECTRIC RES ONATOR This study consists in analyzing and modeling the geometry of simple antenna excited under the 11 X TE  mode. The radiating element is formed by the concentration of two materials with different permittivity: it is a vertical superposition of the portions in a concentric way. The purpose is to excite the two resonators at the same frequency to have single-band functionality.
A. Rectangular Dielectric Resonator Antennas
The rectangular shape of the Dielectric Resonator (DR) offers additional advantages compared with other geometrical forms. Indeed, it possesses (Fig.6 ) two independent parameters (w/h and w/a), which allow it, in one hand, to have two freedom degrees to determine a specific resonance frequency to a given value of dielectric permittivity. On the other hand, a good selection of the dimensions of the resonator, that helps us to avoid the problem of the degeneracy Base antenna Antenna with parasitic element without DR www.ijacsa.thesai.org of modes, therefore an increase in cross-polarized antenna's implementation. The existence of the latter will degrade the antenna gain and will distort the radiation pattern [22] . Finally, the rectangular dielectric resonator antenna offers a greater flexibility in the optimization of the desired frequency band. Analysis of the dielectric resonator antenna (DRA) can be made by considering the general classification methods proposed by Van Bladel for arbitrary forms of DR [23, 24] . According to Van Bladel, the modes of a dielectric resonator of high permittivity can be confined or not confined. For both types of modes, the electric component of the field, perpendicular to the dielectric/air interface, it must cancel what is explained in the following boundary condition .0 nE (6) With E the electric field vector and n the normal direction to the separation surface DR / air.
The last relation is one of two boundary conditions that must be satisfied. The second condition is given as below: 0 nH  (7) Where H represents the magnetic field.
As regards the nature of material that composes the DR, relation (6) could be no longer satisfied. Therefore, by confined modes, we consider that all modes satisfy both two boundary conditions ( (6) and (7)). Only dielectric symmetrical shapes such as sphere and cylinder cannot support them. On the other hand, the not confined modes satisfy only the equation (6) [25] and they can supported by any arbitrary shape of the DR. Consequently, the DR does not present symmetry of revolution; it only supports the not confined modes.
Marcatilli demonstrated that the existence of TM modes in a rectangular dielectric wave-guide is questionable [26] , because they do not satisfy the boundary condition (6) consequently, for the analysis of modes in a rectangular dielectric resonator antenna, only 
B. Coupling Techniques
In dielectric resonators antenna design, the coupling scheme has a very important role. Indeed, the coupling system and its location affect the performance of antenna in terms of bandwidth, radiation pattern and polarization. According to the basic electromagnetic theory and the reciprocity theorem of the Lorentz law [27] , coupling k between the source (magnetic or electronic) and the fields inside the dielectric resonator can be determined by the following relationships:
Where E and H are the vectors of the intensity of electric and magnetic field, e J and m J are the electric and magnetic currents, respectively.
To have a strong coupling between the source of electric current (magnetic) and dielectric resonator antenna, the source should be located where there is an important electric field (magnetic). Figure 10 shows the configuration of the proposed on-chip stacked DRA array. It consists on a feeding structure and one or more DRs. A dielectric resonator (DR 1 ) is mounted on the surface of the substrate, forming the traditional on-chip DRA investigated in [27] and [28] .
C. Operating Principle of Series-Fed DRA Array
A second dielectric resonator, DR 2 is arranged above the antenna in the vertical direction (z-axis), forming a series-fed linear array.
In the proposed array design, all the DRs resonate at the same frequency f 0 of the dominant mode 11 X TE  . With the specified design frequency, the dimension of each DR having a dielectric constant of ε r can be predicted using the traditional truncated dielectric waveguide model [29] or a simplified engineering formula presented in [30] .
The operating mechanism of the proposed series-feed antenna array can be explained as follows: most of the energy is initially coupled to DR1 from the on-chip feeding structure. DR1with dominated mode ( 11 X TE  ) radiates with high efficiency there by acting as a traditional on-chip DRA. Then, part of the energy is serially coupled to the upper DRs (DR 2 ) to excite the mode. The series coupling excitation leads to 180-phase difference of the electromagnetic (EM) waves between the two DRs.
D. The Antenna Structure
The proposed antenna is shown in the following figure. The physical interpretation of the proposed antenna using the Scattering Bond Graph methodology give us the following Bond Graph model which is shown in the following figure. A detailed double-DR arrangement of the on-chip antenna array is presented in Figure 11 . It consists of a silicon based on-chip feeding structure and two DRs. A grounded coplanar waveguide (GCPW) and a meander slot create the feeding structure. The meander slot is implemented on the 2-µm thick top metal. It is shielded by the bottom metal and connected to a 50Ω GCPW with signal line width of w = 240 µm. The thickness of the Roger substrate is 50 µm. www.ijacsa.thesai.org For this study, the dielectric constant, ε r1 of the DR1 was selected to be 10.2 and the dielectric constant ε r2 of the DR2 was selected to be 2.2.
E. Design Procedure
The design procedure of the proposed array is described in the following paragraphs. Step 1, the dimension of DR1 is first predicted using the simplified equations in [30] , at f 0 =60 GHz , and adjusted by 3D EM simulation. A meander slot feeding structure is designed to excite the dominant mode of DR1. In order to increase the bandwidth of the antenna, the slot feeding structure is designed as a radiator [31] at a resonant frequency that is close to that of DR1.
In
Step 2, DR2 is also deliberated to resonate at f 0 =60 GHz. The placement and dimension of DR2 will not affect the field distribution inside DR1. This also implies that DR2 has no effect on the input impedance of the antenna then we have validated the observation through simulations.
F. Simulation Results
This section presents the simulated results of the meander slot antenna. CST has been used to simulate the antenna for several performance parameters.
It is evident in Figure 15 that the antenna adaptation increases with the number of DRs, but reaches a tray with three or more DRs. Considering the gain performance and the assembly difficulties; the compromised number of DRs is two or three for each on-chip antenna. In this paper, we will focus only on the two-DR configuration. The characteristics of the four antennas can be summarized as follows: according to the simulation results, we can see that the entire proposed antenna presents a resonance at 60GHz. The main advantage of using dielectric resonator is the possibility of reducing the size of the antenna by more than 40% of based antenna.
The final structure have an interesting reflection coefficient simulation. We have validate our work with scattering bond graph methodology by obtaining the simulation shown on the Figure 16 . Besides, the antenna is more adapted and the decreasing of the gain is little is from about 3dB to 2.35 dB. Antennas with multi-DRs are also investigated. 
G. Comparative Study with a UHF Antenna Trade
We are comparing our structure with the RFID antenna reader for Tag Product Company in terms of space and gain. Table 1 shows the study. . We notice a significant miniaturization.
 The gain of the DRA is lower of 3dBi compared to the patch with Tag Product antenna, which seems logical to us because we used a high-permittivity dielectric resonator (ε r = 10.2).
IV. CONCLUSION
A novel antenna for an RFID TAG was simulated and evaluated. The proposed antennas have a resonant frequency equal to 60 GHz and it presents a very compact size and an acceptable gain.
In the first part, we presented the design of a patch antenna operating at 60 GHz linearly polarized then we added in this structure the loop meander slot. This form allowed us to reduce antenna size by 38%.
In the second part, we focused on designing a DRA in which the radiating element is formed by the arrangement of rectangular DR portions of different permittivity. The goal was to excite the two resonators to the desired frequency (60 GHz).
The use of dielectric resonator was a very useful and fast tool to ameliorate the antenna. This work is one of the first steps in the millimeter wave identification (MMID) and we desire in the future to use our antenna in MMID TAG ChipLess.
The scattering bond graph methodology, used in this paper as a new design technique has shown its effectiveness in helping to understand and to interpret the studied antenna. This methodology can be used as a substitute for the iterative method since we can move from the first iteration to the last iteration without going through intermediate iterations because the scattering bond graph model can be simplified easily.
